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FOREWORD 
In 1973 the demand for United States farm commodities was at a 
record level. Stocks of grain, which had been built up over a number 
of years, were rapidly depleted by several factors including world 
demand, export subsidies, and devaluation of the dollar. In response 
to this abnornml situation, The Agricultural and Consumer Protection 
Act of 1973 was enacted. This act, contrary to past legislation, 
emphasized the maintenance or increase of production. But the 1972 to 
1974 per capita decline in world food production was shortlived, 
and output slowly returned to more normal levels. The Food and 
Agriculture Act of 1977 reflected this return by replacing the 
''fence row to fence row" policies of the 1973 legislation with supply 
controls once again. 
The basic philosophy behind most supply control legislation is to 
decrease production of those commodities whose prices are depressed, 
thereby responding to the problems of lagging incomes (Figure 1) and of 
declining farm prices received relative to prices paid (Figure 2). 
Quantitative results indicate that domestic demand for a broad category 
of commodities such as feed grains or an important food cooonodity such 
as wheat is relatively inelastic. Therefore, a leftward shift 
(decrease) in supply would presumably result in increased prices 
received by producers, increased total revenue and, depending on 
expenses, increased income. This is essentially what has occurred to 
United States agriculture: supply control programs which lmve reduced 
output have increased commodity prices and farm income over time. 
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Figure 1. Net farm income 
SOURCE: USDA [13] 
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Currently, there is much concern over the dependence of 
agriculture on energy inputs (Figure 3). The availability of adequate 
energy supplies is less and less certain. Increasing energy prices and 
the resulting increase in cost of production reflect this problem. 
Shortages of nitrogen fertilizer and, in the spring of 1979, diesel 
fuel at critical planting periods, further emphasize the dilemma. 
Lessening agriculture's dependence on energy may be a goal of farm 
policy in the future. A policy of this sort might be formulated in 
response not only to the problems of energy, but also the problems 
confronted by more traditional supply control legislation, that of 
income and prices. That is, supply control legislation might be 
adopted with the specific goal of reducing production. The method 
historically used for this purpose has been the acreage set-aside or 
idling of cropland (restricting the amount of land used). Or, supply 
control legislation might be adopted tvith the specific goal in mind of 
reducing agricultural energy needs and with the secondary but equal 
goal of reducing production. 
This study attempts to quantify some of the tradeoffs which 1:1ight 
occur under two different supply control policies: one based on a 
traditional land set-aside and the other based on fertilizer reduction 
as a method for diminishing agricultural production while 
simultaneously reducing agriculture's energy needs. The tool of 
analysis used is a linear programming model developed to allow for 
evaluation of the impact of national policies or alternatives on the 
interregional distribution of benefits and costs. It was assumed 
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Figure 3. Index of energy use by agriculture 
SOURCE: USDA (13] 
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that American agriculture operates so that desired outputs are produced 
at minimum costs and that resources are completely mobile. 1 
William G. Boggess assisted in the formulation of the programming 
model. His help and guidance were appreciated. 
The Authors 
1A long-run competitive agriculture with capital and labor receiving 
market rates of return is assumed. 
INTRODUCTION ~-- -=.:. 
------ ~~ = 
Passed by Congress in 1933 and declared unconstitutional three 
years later, The Agricultural Adjustment Act served as the foundation 
for a series of interrelated legislation that came to be known as the 
U.S. price support and adjustment programs. The basic objective of 
this legislation was and still is twofold: increase farm commodity 
prices and increase farm income. The tools formulated in the 1930s to 
achieve these objectives are still in use. Their main components 
consist of various types of acreage set-asides (i.e. withdrawal of farm 
land from production) and marketing quotas and allotments. For the 
most part the past 46 years of legislation has accomplished its 
objectives. The following paragraphs which present a review of that 
legislation draw largely upon material in Rasmussen and Baker (8]. 
The Agricultural Adjustment Act of 1933 had the objective of 
restoring the farm purchasing power of agricultural commodities to the 
1909-1914 level (defined as parity). This was to be accomplished 
through a voluntary reduction of acreage planted in basic crops (wheat, 
cotton, field corn, rice, tobacco, sugarcane, sugar beets) and by means 
of direct payments and agreements with producers. Harketing quotas and 
acreage allotments were devised to provide each grower with an 
equitable share of total United States production. 
Separate production control programs were developed for most of 
the basic crops including a domestic allotment program for wheat which 
paid farmers for limiting their acreage and a loan program for corn 
growers. In 1935 farm income was 50 percent higher than in 1932 (Figure 
1). 
2 
The Soil Conservation and Domestic Allotment Act of 1936 was a 
response to the Supreme Court ruling that the direct production control 
laws of the 1933 Act were unconstitutional. The Agriculture Department 
recommended to Congress that a voluntary program be implemented based 
on the shifting of acreage from soil depleting surplus crops to soil 
conserving crops. This legislation failed to bring about desired 
production control. 
The Agricultural Adjustment Act of 1938 was the first attempt at a 
comprehensive package of legislation to deal with supply control. This 
act stated for the first time that it was a policy of Congress to 
assist farmers to obtain, insofar as practical, parity prices and 
parity income for the producers of cotton, wheat, corn, tobacco and 
rice [8}. The tools used to bring about price and income support 
included nonrecourse loans, storage, marketing quotas, land retirement 
and all-risk crop insurance. The "ever normal granary" - a goal of the 
1938 Act - never transpired, in part because of increasing yields that 
helped to offset the production control programs. 
World War II brought about increased demand from lend-lease 
contracts and military use. As a result, the parity level on loan 
rates for crops requiring increased production was raised from the 
50 percent to 75 percent range, up to at least 85 percent in 1941 and 
at least 90 percent in 1942. Allotments and quotas were either 
increased or discontinued altogether. Post-war demand continued strong 
and the Agricultural Acts of 1948 and 1949 reflected this by keeping 
3 
support prices at 90 percent of parity for the 1949 and 1950 crops. 
Parity prices were decreased to the 75 percent to 90 percent range by 
1952 as grain and cotton supplies began to build. 
Flexible support prices were instituted in the 1954 Agricultural 
Act. This approach allowed year-to-year changes in basic commodity 
price supports, depending on supply conditions. A set-aside program 
was authorized to help ease the transition to the flexible rates. 
The Agricultural Act of 1956 established the Soil Bank, a 
reminiscence of the 1936 Act, that attempted to control supply by 
taking farmland (in some cases whole farms) out of production. The 
program had two components: an acreage reserve which reduced the 
amount of land planted to the allotment crops of corn, wheat, cotton, 
tobacco, rice, and peanuts and a conservation reserve which designated 
certain cropland as being placed in a reserve and put to conservation 
use. In five years, from 1956 to 1960 the value of farmland increased 
by 23 percent as compared to a 13 percent increase in the five years 
prior to 1956 (Figure 4). Yields increased 29 percent for wheat, 
15 percent for corn, 23 percent for oats, 6 percent for barley and 
79 percent for sorghum from 1956 to 1960 as compared to an increase of 
24 percent for wheat, 16 percent for corn, 6 percent for oats, 2 
percent for barley and no change for sorghum in the five years prior 
1956 (Figure 5). 
The 1960s were characterized by oversupply. Legislation during 
the decade was aimed at eliminating this condition. The Agricultural 
to 
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Act of 1960 called for a corn and sorghum acreage diversion. At least 
20 percent of a farmer's acreage had to be diverted before payments 
would be made to him. The 1961 and 1962 Acts diverted wheat and feed 
grain acreage in a similar manner. By the end of 1962, a peak year for 
land diversion with 38.9 million acres of wheat and feed grain acres 
idled and an additional 25.8 million acres in the conservation reserve, 
land values had increased 7 percent from their 1960 levels and while 
corn acres harvested declined by 22 percent, yields increased by 
18 percent (Figures 4, 5). 
The Agricultural Act of 1970 stated that a specific percentage of 
cropland would need to be kept out of production in order for a farmer 
to qualify for price support payments. The remaining land could be 
planted to any crop not under control. Wheat loans and domestic 
marketing certificates also were r~de available. In 1972, 56.7 million 
acres of wheat and feed grain acreage were idled. The value of 
farmland in 1973 was 28 percent higher than it was in 1970 (Figure 4). 
In 1973, high demand caused the Secretary of Agriculture to stress 
production. All set-aside programs were halted in the Agricultural and 
Consumer Protection Act of that year. In the four years that followed, 
United States agriculture was allowed to operate in a free market 
setting. By 1977, however, the unique set of circumstances that 
depleted United States food stocks had disappeared and problems of 
overproduction were of concern once again. 
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The Food and Agriculture Act of 1977 reauthorized a set-aside 
program to decrease land used for crop production and increase the 
target prices and loan rates that accompanied it. A farmer-owned 
reserve program for wheat and feed grains also was authorized with the 
government paying the annual storage costs of the grain. Commodity 
loans were to provide a basis for the reserve. 
Except for the 1940s and four years in the middle 1970s, 
production controls were required for American agriculture. The basic 
tactics of these production controls were based on withdrawing land 
from production. But acreage reductions were partly offset by 
increased production through the use of more fertilizer, especially 
nitrogen (Figure 6). While land was encouraged to be withdrawn, 
farmers were encouraged to use more fertilizer because of its favorable 
price in relation to other inputs, dramatic yield increases (Figure 5), 
extension education and other technology communication. Farmers took 
land out of production and made up for it by using more fertilizer. 
Fertilizer, in particular nitrogen, became a substitute for land and 
the high yields, characteristic of American agriculture, depended on 
it. The extent of this dependence wasn't totally realized until the 
oil embargo of 1973 created shortages and drastically increased the 
price of nitrogen. We are now faced with another energy dilemma, and 
there is renewed concern over agriculture's dependence on an input 
whose supply is tight and whose price reflects it. 
If conditions warrant the need for production (supply) control or 
reduction programs, as posed in the embargo of exports to Russia, then 
a decision needs to be made as to the method of control. It might be 
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9 
in the public interest to consider means other than withdrawal of land 
inputs when this resource is not in short supply in the United States 
but those such as energy are. Land set-aside programs have been the 
traditional methods of control. They have generally worked well in the 
past when agricultural inputs, including energy, were available in 
ample quantities at low cost. Presently, the United States finds 
itself in a period of rapidly increasing energy prices coupled with 
supply shortfalls. This may be a short-run phenomenon or the beginning 
of a longer term problem. In any case, energy \-Jill be a major source 
of instability within the agricultural sector. Therefore, it may 
become necessary when contemplating programs that constrain production 
to consider energy intensive inputs instead of land as the mechanism of 
constraint. 
The purpose of this study is to measure the possible impacts on 
American agriculture of two supply control programs. One is of the 
traditional type - an acreage set-aside program which takes land out of 
production but doesn't restrict energy use by nitrogen fertilizer or 
other means. The other is a fertilizer reduction program which might 
be implemented through government or market actions in the years ahead 
as energy supplies become scarcer and more expensive. This program 
constrains production to the same level and raises farm commodity 
prices to the same level as the land set-aside program. It would, 
however, use less nitrogen fertilizer rather than less land as in past 
programs. These are two possibilities in supply control and price 
10 
improvement analyzed for purposes of decision by the American people. 
These programs are not proposed as the direction that American farm 
legislation should follow when production controls are required. 
Instead, they are analyzed to quantify the tradeoffs between two 
policies using different tools to achieve the same goal of supply 
control and price improvement. Given this information, it is then a 
responsibility of the public to choose among alternative policies. 
OBJECTIVES 
The world, including the United States, is experiencing a series 
of energy crises. Supplies have become tight and prices have increased 
rapidly. If U.S. national policy is to reduce resource inputs to 
reduce con~odity supplies hence increasing farm prices and income, 
reduction in the amount of land used is only one potential means. 
Another is to retain the land in production and reduce fertilizer use 
(i.e. substitute land for nitrogen in the control mechanism). Thus, 
this study analyzes this alternative. Constraining production through 
reduced use of nitrogen could potentially also decrease the amount of 
net energy use. Hence, we compare the impacts of two supply control 
programs: (a) one attained through use of less land (e.g. land 
retirement, set-aside, soil bank or other terms as used in the past) 
where cropland is reduced in the same proportion over all producing 
areas of the country, (b) one attained through use of less fertilizer 
(nitrogen). The level of resource control is established so that the 
level of supply control is the same under the two alternatives. 
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Domestic and export demands for agricultural commodities are also at 
the same level for both alternatives. Accordingly, average national 
commodity prices are identical under the two alternatives. 
The two supply control programs are compared to a Base picture of 
American agriculture. This Base is reflective of an agriculture 
without production controls and it allows agriculture to use nitrogen 
up to the point where the value of resulting yield increases is equal 
to the purchase price of nitrogen. The farmer is assumed to operate in 
an econoQically optimum manner in that he neither underutilizes nor 
overutilizes nitrogen fertilizer. The farmer applies nitrogen to his 
fields up to the point where the price of an additional unit of 
nitrogen is just equal to the value in terms of crop output of an 
increase in yields or in economic jargon, the price of nitrogen 
fertilizer equals the marginal value product of nitrogen fertilizer. 
For the Fertilizer Reduction Alternative the use of nitrogen is 
restrained at an arbitrary level so that production is constrained to 
the same level as in the Land Set-Aside Alternative. In effect, we are 
"backing down" the production function for fertilizer. Farmers are 
restricted to use less than the optimum level of nitrogen fertilizer 
and therefore yield declines. The yield changes are predicted on the 
basis of Spillman production functions estimated for each crop and 
producing area [10]. 
The presentation of the analysis will be as follows: first, the 
alternatives analyzed, the method of analysis, and pertinent 
terminology are presented; second, the results are presented and 
third, a summary of the results and implications is presented. 
12 
METHODS AND TERHINOLOGY 
This section describes the alternatives analyzed, the method of 
analysis, and special terminology used. 
Alternatives Analyzed 
Each of the following alternatives is studied in terms of its 
repercussion on such variables as energy use, land values, net farm 
income, soil loss, and interregional crop production. 
1. The Base Alternative. The Base Alternative reflects an 
agriculture without any production controls. Its main 
importance lies in the fact that it is a benchmark or standard 
with which results of the other two alternatives can be 
compared. It supposes an optimal organization of Awerican 
agriculture in the sense of meeting food and labor demands 
with resources allocated in a least-cost or competitive 
equilibrium manner where each unit of resource receives its 
market rate of return. 
2. The Land Set-Aside Alternative. This alternative reduces the 
amount of cropland available in the Base by approximately 10 
percent or forty million acres. The reduction is spread 
equally across all land classes and all producing areas of the 
nation. 
3. The Fertilizer Reduction Alternative. This alternative 
restricts the use of nitrogen by oats, barley, corn, cotton, 
sorghum, and wheat. The restricted level of nitrogen 
application was determined through an iterative process where 
the final goal was a set of model generated crop prices 
13 
similar to those generated in the Land Set-Aside Alternative. 
In the yield coefficients the amount of non-nitrogen 
fertilizer applied is dependent on the amount of nitrogen 
fertilizer applied. Therefore, as we "back down" the 
production function for nitrogen, we also are decreasing the 
use of non-nitrogen fertilizers. 
The Hodel 
A national linear programming model, explained in detail in 
earlier documentations [7], is used as the basic tool of analysis. The 
model has four parts: a.) restraints for the land and water resources 
available, b.) production activities simulating the crop and livestock 
sectors, c.) a transportation network, and d.) demands, both foreign 
and domestic. The land and water resources for the nation are divided 
into producing areas representing production conditions of a homogenous 
nature. The crop production activities are defined within these 
producing areas. Endogenous crop activities are barley, corn grain and 
silage, cotton, legume hay, nonlegume hay, oats, sorghum grain and 
silage, soybeans, and wheat. Livestock and all other crops have their 
respective production levels and feed demands projected exogenous to 
the model. Activities associated with crop production include crop 
rotations, soil conservation and tillage practices, water transfers and 
distributions, and commodity transportation. Demands for endogenous 
agricultural production are defined at a market region level. Each 
market region represents an established commercial and transportation 
center. 
14 
Linear prograunning has proven to be both a useful and versatile 
method for agricultural policy evaluation. As with all tools, linear 
programming has limitations which should be recognized anrl understood. 
First, the results generated are only as accurate as the data inputs. 
If appropriate variables and activities are not included, the system 
may become unreliable in achieving a relevant Base scenario and the 
response to a policy alternative may not be indicative of the true path 
of adjustment. Secondly, this tool uses linear approximations to 
specify relationships between inputs, outputs, and their costs. That 
is, the production possibilities are based on constant marginal 
products. Cost decreasing and increasing economies of scale are not 
reflected. In other words, the objective function represents constant 
costs over the relevant range of the variable input. 
These limitations result in a normative solution which provides a 
large amount of information about the direction and possible magnitudes 
of the impacts of a policy but little or no information on the 
transformation from one policy alternative to the next. 
Objective Function 
The objective function for this model allocates the production of 
crops to the producing areas to minimize the costs of producing the 
predetermined domestic and foreign demands subject to restraints on 
land, water, fertilizer, and crop adjustment. Costs are in terms of 
1975 dollars and include labor, machinery, pesticides, fertilizers, 
15 
water, and the transportation of agricultural commodities from 
production to consumption regions. Partial competitive equilibrium is 
therefore achieved wherein the costs associated with each activity 
represent the market returns to resources and inputs not endogenously 
allocated to alternative activities during solution of the model. The 
returns to land and water are determined endogenously. 
Regions 
There are four basic sets of regions used in the model -- data 
collection regions, producing areas, market regions and reporting 
regions. 
The data collection regions 
These regions (Figure 7) are based on county approximations of the 
major land resource areas used for data collection by the Soil 
Conservation Service, U.S. Department of Agriculture. They divide the 
United States into 164 areas based on soil type and management 
characteristics. 
The producing areas (PAs) 
These areas (Figure 8) are derived from the U.S. Water Resource 
Council's 99 agregated subareas (ASAs) [14]. Six of the ASAs are 
subdivided to be more consistent with agricultural patterns in these 
areas giving us a total of 105 PAs. Data from the collection regions 
are transferred to the producing areas by a set of weights. Both crop 
production activities and the land base are defined within each of 
these producing areas. Furthermore the supply of water is defined for 
PAs 48-105. 
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The market regions 
The 28 market regions (Figure 9) are aggregations of the 105 PAs. 
Demands for endogenous commodities are defined within these regions. 
The transportation sector uses the market region central city as a hub 
to and from which commodities flow as the model adjusts its production 
pattern to account for regional comparative advantage. 
The reporting regions 
The final set of regions (Figure 10) is used for the reporting of 
solution results. They are formed by aggregating the 28 market regions 
into eight major groups or zones. They are: Northeast, Southeast, Lake 
States, Corn Belt, Delta, Northern Plains, Southern Plains, and 
Pacific. 
Land Base 
The major constraint on the productive capacity of the model is 
the amount of land available. The Conservations Needs Inventory (CNI) 
which reports acres of privately owned land by use and by agricultural 
capability class was used to build the land base [3]. The CNI reports 
acreage levels in eight major capability classes (Table 1). Capability 
classes II through VIII are divided into four subclasses reflecting 
hazards preventing the land from unrestricted use. The four hazards 
reflect susceptibility to erosion (e), subsoil exposure (s), drainage 
problems (w), and climatic conditions preventing normal crop production 
[3]. This gives a total of 28 plus 1 or 29 capability class-subclasses 
to which county ~creages are aggregated, for dryland and irrigated 
uses, to the 105 producing areas. The 29 capability class-subclasses 
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are then further aggregated to five land classes (producing areas 
48-105 have 10 land classes, five each for dry and irrigated). The 
acreage in each class is shown in Table 1. 
Table 1 Land base by land class and subclass aggregation 
Land Class 
1 
2 
3 
4 
5 
Capability Class Subclasses 
I, VIwaa, IIIwa 
rest of II, III, IV, and all of V 
IIIe 
IVe 
VI, VII, VIII 
aThe subscript wa means the drainage problem is eliminated 
CROP PRODUCTION 
Acres 
61,599,031 
201,530,000 
69,516,271 
33,459,720 
14,367,767 
Each land class, in each producing area has crop production 
activities endogenous to the model defined for it. The crops 
endogenous to the model were mentioned earlier. The production level 
of these crops is determined by the model on a producing area basis. 
All other crop production is determined exogenous to the model. That 
is, production is estimated on a PA basis before the model is run. 
These crops include rye, rice, non citrus and citrus fruits, vegetables 
and melons, flaxseed, peanuts, sugarcane, tobacco, irish and sweet 
potatoes, dry beans and peas and sugar beets. Projected acreages for 
these crops are obtained from the USDA's NIRAP (National Interregional 
Agricultural Projections) system. 
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The endogenous crop activities represent crop management systems 
that incorporate rotations of from one to four crops, covering from one 
to eight years with a given conservation treatment and a given tillage 
practice. The system used to generate the rotations allows for 
interrelationships in production including fertilizer and residue 
carryover. The conservation treatments include straight-row farming, 
contouring, strip cropping and terracing. The tillage practices 
include conventional tillage with residue removed, conventional tillage 
with residue left, and minimum tillage. Coefficients for soil loss, 
crop yields, fertilizer use, costs, and water use are then calculated 
for each crop management system on each land class in each PA. Details 
can be found in Meister and Nicol [7]. 
Livestock 
The livestock sector is exogenous to the model. Feed rations and 
regional production patterns are determined before the model is solved. 
Feed requirements by exogenous livestock are derived from the projected 
demand for these livestock products at the market region level [7]. 
Regional livestock demand is then transformed into feed demands through 
a set of rations and this demand for feed is added to total demand for 
grain, oilmeals, and pasture. 
Nitrogen in the manure is transferred to the crop production 
sector via the nitrogen constraints. Per unit production of nitrogen 
is used to determine the supply of nitrogen to the crop sector by the 
various categories of livestock which include dairy, hogs, beef cows, 
23 
beef feeding, broilers, turkeys, eggs, sheep and lambs, and an "other" 
category that includes animals such as horses, mules, ducks, geese, and 
zoo animals. 
~later Sector 
The water sector defines water availability in producing areas 
48-105. The water supply activities include three components: 
downstream flows, interbasin flows, and water buy activities. 
Downstream flows are bounded to a percentage of the maximum available 
upstream water supply. Interbasin flows are bounded to a maximum of 
the water transfer system's capacity and water buying activities are 
bounded by the maximum available water supply in each water supply 
region [2]. 
Transportation Sector 
Transportation routes, defined between contiguous market regions, 
are measured by the distance between the designated central city in 
each market region. Long-haul routes between noncontiguous market 
regions are also defined if they reduce mileage traveled by 10 percent 
over accumulated short haul routes. Each route has two activities 
defined for it, one activity for each direction [7]. The designated 
central city in each market region is a major metropolitan area and a 
transportation center. 
24 
Demand Sector 
Demand restraints are defined at the market regional level. 
Production of endogenous commodities must meet the projected levels of 
demand for food and fiber, net exports, exogenous livestock feed 
requirements, and industrial and non food use [7]. The demands are 
based on the OBERS 1980 projections [15]. 
25 
RESULTS 
This section includes results from the three alternatives 
summarized previously. 
Base Alternative 
The Base Alternative solution is obtained under the assumption of 
an agricultural sector unconstrained by production controls. The model 
selects the most efficient or minimum cost allocation of production in 
the absence of governmental policy restraints. 
Acres harvested and yields 
The total amount of land used for crop production in the Base 
Alternative is 306.9 million acres (Table 2). Of this total, 246.1 
million acres are accounted for by the crops reported in Table 3. Crop 
acreage estimated by the model but not reported in Table 3 accounts for 
an additional 42.6 million acres and crop acreage determined 
exogenously accounts for the final 18.3 million acres. 1 Total 
cropland available in the Base Alternative is 393.6 million acres 
(Table 2). Eighty percent of the total cropland available is cropped. 
Regional location of harvested acreage changes among alternatives 
even though the demands specified for the three alternatives are the 
same. In the Base Alternative location of production is not 
constrained by government commodity programs and therefore regional 
1Exogenous acreage is held constant at 18.3 million acres for all 
three alternatives. A complete listing of endogenous crop acres 
harvested can be found in Appendix A. 
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comparative advantage conforming with a market equilibrium is attained 
(Table 4). When government programs (the Land Set-Aside or Fertilizer 
Reduction Alternatives) are applied, regional comparative advantage 
shifts occur as the model minimizes costs under less than optimal 
conditions. Therefore, one important indicator of the impact of 
contrasting supply control programs is the effect on regional 
production patterns. 
The yields reported in Table 3 are a weighted average of 
production divided by acreage for the respective reporting region. 
Again, the Base Alternative is solved under market equilibrium 
conditions where regions can specialize in crops which they have the 
greatest advantage. Therefore, Base Alternative yields are somewhat 
higher than would be actually observed in the real world. 
Land rents 
Land rents in Table 2 are weighted averages of shadow prices 
generated by the model at the producing area level. As land is taken 
out of production or as restraints are placed on fertilizer 
application, less land, in a real sense, is available for farming. The 
Land Set-Aside Alternative results in less land by directly reducing 
the supply of land for cropping while the Fertilizer Reduction 
Alternative decreases the productivity (yield) of the land in use, 
thereby forcing the substitution of land for fertilizer. When less 
land is available for farming, that which is available increases in 
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value (price or rent) and the greater the set-aside or fertilizer 
reduction the greater the increase in value. Comparison of the 
magnitude of increase in land rents is our second indicator of the 
impact the two supply control programs have on agriculture. 
Soil loss 
Estimated soil loss (Table 2), a problem of growing concern to 
society, is reported for each alternative. It becomes the third 
measure by which the two production control programs can be evaluated. 
The selection of cropping practices along with the erosion 
susceptability of the different classes of land are the main 
determinants of the rate of soil erosion. The Universal Soil Loss 
Equation is used to estimate soil loss [17]. 
Energy Use 
Energy use is the final impact indicator for the production 
control policies analyzed. Farmers expect to pay high prices for fuel 
and other energy-based inputs in the years ahead. The worst 
expectation, which has already occurred in some cases, is for a 
shortage of a critical input such as diesel fuel at a critical time in 
the farming season. A shortage of diesel fuel at the crucial times of 
planting or harvesting may result in lower yields, frost damage, etc. 
In any event the potential effect on energy use should be taken into 
careful consideration as agricultural policies are formulated. We 
compare the Base Alternative's energy use to that of the two supply 
control alternatives. We thus obtain a net use of energy for each 
control policy as compared to the Base Alternative (the market 
equilibrium solution). 
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The energy data were obtained from a procedure developed 
previously [4,5] and adapted for use with the CARD linear programming 
model. Energy use in production of nitrogen fertilizer, pesticides, 
and nonnitrogen fertilizer is calculated for endogenous crops by market 
region. Also calculated is energy use in endogenous crop production 
including machine diesel fuel, crop drying, and irrigation. 
In Table 5 total energy use is reported in million megacalories 
(MCAL) 1 and per acre energy use for crop production is reported in 
MCAL per acre. As shown in Table 5 machine diesel fuel and nitrogen 
fertilizer account for a large percentage of total energy used in crop 
production. Energy used for irrigated crop production accounts for 
more than 14 percent of total energy used while irrigated acreage made 
up less than 8 percent of the total harvested acreage. 2 Of the 
energy used for irrigated crops, approximately 47 percent was accounted 
for directly by irrigation practices, that is the pumping and 
application of water. This shows the especially dependent nature of 
irrigated crop production on energy inputs in an already energy 
dependent agriculture. The Per Acre Energy Use category of Table 5 
shows the machine diesel fuel, nitrogen fertilizer, and irrigation 
categories as having the largest per acre energy use with irrigation 
the largest at 759.6 MCAL per acre. All figures are, of course, for 
the optimally organized agriculture of the Base solution. 
1 HCAL = one million calories or one thousand kilocalories. 
2see appendix A for a complete listing of dry and irrigated acres. 
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Table 6 presents the same data as Table 5 but listed by energy 
type and reported in units of actual usage. 
To underscore the effect of shifts in interregional crop 
productio~Table 7 gives total energy use in MCAL units by reporting 
region. The Corn Belt has the largest total energy use in the Base 
Alternative, with an optimal structure of agriculture. 
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Land Set-Aside Alternative 
The Base Alternative is constructed so that agriculture can 
produce without the restraint of supply control legislation. It is a 
"fence row to fence row" synopsis in the sense that production 
constraints in the form of input restrictions are not impleaented. 
In the Land Set-Aside Alternative input restrictions on land are 
implemented. Approximately 10 percent (forty million acres) of total 
available cropland is taken out of production by adjusting the land 
constraints in the model. The forty million acres of set-aside land 
was distributed evenly across all land classes in all producing 
areas. 
Changes in acres harvested, yields and production 
In the Set-Aside Alternative total acres harvested increases to 
313.4 million acres while acreage of those crops reported in Table 8 
increases to 254 million acres and total cropland available for farming 
decreases to 352.3 million acres (Table 9). This would be expected 
since decreasing the land constraints by 10 percent decreases total 
available cropland but holding demand fixed at the Base Alternative 
level forces production onto marginal lands, say class III or IV, 
characterized by lower yields. The final result is a 2 percent 
increase in acres harvested from the Base Alternative (Table 8). In 
addition 89 percent of available cropland is harvested in the Set-Aside 
as compared to 80 percent in the Base Alternative. 
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Regionally, acres harvested increase most in the Southeast, Delta 
and Southern Plains (Table 8). This would indicate that these three 
regions, which comprise roughly the Southeastern one quarter of the 
United States, contain the largest amount of marginal or slack (crop 
land not under production) land. Table 3 points out that the 
Southeast, Delta and Southern Plains used only 69, 78 and 69 percent, 
respectively, of total cropland available in the Base Alternative. 
Therefore, decreasing cropland by ten percent tends to increase rather 
than decrease production in these regions since they have the largest 
quantities of slack or marginal land. On the other hand, the 
Northeast, Corn Belt and Northern Plains show the greatest decrease in 
acres harvested (Table 8). As shown in Table 3, these three regions 
used approximately 95, 93 and 79 percent respectively of total cropland 
available in the Base. Cropland in these regions is "tight". A 10 
percent land set aside program would decrease an already tight supply 
of land by 10 percent. Thus, land becomes a constraining resource in 
these regions and production shifts to those regions where more land is 
available, primarily the Southeast, Delta and Southern Plains. 
Therefore, the implementation of a land set-aside program results 
in a regional shift in comparative advantage. That is, when land is 
used as a mechanism to constrain production and the linear programming 
model is solved, agricultural production shifts to the most efficient 
regions which are different than those for the Base Alternative 
solution (Table 10). 
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Changes in land rents 
Land rents increase from the Base Alternative solution reflecting 
the 10 percent reduction in cropland (Table 9). The magnitude of the 
rent increase is determined by each region's normative demand for land. 
In particular, the responsiveness or flexibility of the normative 
demand for land determines the degree to which rents will increase. If 
the normative demand for land in a particular region is unresponsive or 
inelastic, the 10 percent decrease in the supply of land will cause a 
large increase in land rents relative to a region with a more 
responsive or elastic normative demand for land. For example, the 
Southern Plains region shows a relatively small increase in land rents 
indicating an elastic normative demand as compared to the Corn Belt 
which shows a relatively large increase in rent indicating a more 
inelastic normative demand for land. Thus a land set-aside supply 
control policy could be expected to increase land rents more in those 
regions with a relatively inelastic normative demand for land. 
Changes in soil loss 
Soil loss is reported by region in Table 9. The regions showing 
the largest increase in harvested acres and production (Tables 8 and 
10) generally register the largest increase in soil loss. Soil and 
slope characteristics of the Southeast region render its land 
especially susceptible to erosion. These characteristics, along with 
42 
an increase in acres harvested, result in the Southeast region 
reporting the largest increase in soil loss. The Northeast, on the 
other hand, shows the largest decrease in soil loss as production 
shifts out of this region in the Land Set-Aside Alternative. 
The overall effect is an 8 percent increase in soil loss from the 
Base to the Land Set-Aside Alternative. The cause of this increase is 
the movement of crop production onto more erodible, marginal lands such 
as Class III, IV, or V lands (Table 1). 
Changes in energy use 
Energy use is neither a restraint nor an activity in the linear 
programming model. Rather, energy use was calculated after the 
solution for each alternative was obtained. Therefore, energy use in 
the Base Alternative is not necessarily at an optimal or minimum cost 
level, although the location, method, and level of crop production is 
at an optimal or market equilibrium level. Given the method, level and 
location of crop production in an optimal setting energy use is then 
calculated. 
Energy use for diesel fuel and nitrogen fertilizer is up from the 
Base Alternative. The main cause is an increase in acres harvested, 
especially irrigated1 (Tables 8 and 11). The decrease in the 
production of feed grains in the Corn Belt and Lake States causes a 
decrease in energy use for LPG for crop drying. Over all, the land 
set-aside program increases total energy use by roughly 2 percent on 
dryland acres and 6 percent on irrigated acres for a weighted average 
increase of 2 percent nationally. 
1Appendix A has a complete listing of endogenous crop acreage. 
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Per acre energy use, measured in MCAL's, decreases for pesticides 
and crop drying on dryland acreage because of a drop in feed grain 
production in the Lake States and Corn Belt regions (Table 11). 
Irrigated per acre energy use generally increases because of a shift in 
acreage and production to irrigated lands 1 (Table 11). Per acre energy 
use for the "irrigation" column of Table 11 refers to the amount of 
energy required to obtain and apply one acre foot of water. This figure 
decreases slightly in the Land Set-Aside Alternative because of a shift 
in irrigated production out of the heavily irrigated Pacific region. The 
reason for this decrease is twofold: the practice of irrigation is highly 
energy intensive in the Pacific region and irrigated acreage is 
relatively scarce in this region. When the acreage reduction program is 
implemented irrigated acreage decreases in the Pacific region in response 
to this relative scarcity. Because of the highly energy intensive nature 
of irrigation in the Pacific region a net increase in irrigated acreage 
for all irrigated regions does not offset the decrease in energy 
originating in the Pacific region. Thus a decrease of 2 percent in total 
energy use and a decrease of 9 percent in per acre energy use occurs for 
the actual irrigation process under the Land Set Aside Alternative. 
Total energy use by region is reported in Table 12. Diesel fuel use 
for machinery increases in those regions that experience an increase in 
harvested acreage. Diesel fuel use decreases for the Northeast, Corn 
Belt, and Northern Plains. The net effect is an increase in diesel fuel 
1see Appendix A for a complete listing of dry and irrigated 
acreage. 
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46 
use for the farming sector when the Land Set-Aside Alternative is 
adopted. Actual use of diesel fuel for machinery is estimated at 3112.6 
million gallons as compared to 3006.2 million gallons for the Base 
Alternative (Tables 6 and 13). In the same manner, energy use for 
pesticides shows a net decrease, nitrogen and nonnitrogen fertilizer a 
net increase, and crop drying and irrigation a net decrease. 
The total effect of all these changes is an increase in energy use 
for the Land Set-Aside Alternative as compared to the Base Alternative. 
Energy becomes a substitute for less productive land. 
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Fertilizer Reduction Alternative 
In the Base Alternative, fertilizer, in particular nitrogen, is 
applied to crops until the value of an increase in yield is equal to the 
value or price of the fertilizer used to increase the yield. This 
optimal application of fertilizer is estimated by a Spillman production 
function developed by Stoecker for each crop by state and then weighted 
to producing area [ 10]. The Fertilizer Reduction Alternative limits the 
use of nitrogen by farmers thereby decreasing yields and "backing" 
production down along the production function to some level less than the 
optimal level in the Base Alternative (Table 14). Whereas the Land 
Set-Aside Alternative was solved with less than an optimal amount of 
land, the Fertilizer Reduction Alternative was solved with less than an 
optimal level of fertilizer. We now compare the results of the 
Fertilizer Reduction Alternative to that of the Base Alternative. 
Changes in Acres Harvested, Yields, and Production 
Acres harvested for the Fertilizer Reduction Alternative increase 
for the United States as a whole by 16 percent compared to the Base 
Alternative and by 14 percent as compared to the Set-Aside Alternative 
as land becomes a substitute for fertilizer (Table 15). Regionally, 
the Southeast, Lake States, Southern Plains and Pacific regions 
register the largest estimated total increases in production as 
compared to the Base Alternative. The regions where production 
increases might be called marginal areas since excess acreage in these 
regions is more plentiful and productive than excess acreage in other 
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regions. Feed grains show the largest increase in acres harvested for 
the Fertilizer Reduction Alternative as compared to the Base whereas 
for the Land Set-Aside nonlegume hay showed the largest increase over 
the Base. This is because of the dependence of feed grain farming on 
nitrogen fertilizer. 
Those crops most dependent on nitrogen fertilizer show the 
greatest decrease in yields (Table 15). Nationally, feed grains show a 
yield decrease of 17 percent for the Fertilizer Reduction Alternative 
as compared to the Base and 18 percent as compared to the Set-Aside 
Alternative, while soybeans and legume hay show little or no yield 
change because of their nitrogen-fixing properties. 
Production under the Fertilizer Reduction Alternative moves out of 
the Corn Belt, Delta, and Pacific regions and into the Lake States and 
Southeast as compared to the Base Alternative (Table 16). The shift 
into the Southeast is more than under the Land Set-Aside Alternative 
because of a large decrease in yields. The comparative advantage of 
the Lake States region under the Fertilizer Reduction Alternative rests 
on a relatively smaller decrease in yields coupled with a relatively 
larger amount of slack land compared to other regions. 
Changes in land rents 
As more land is brought into production to offset the fertilizer 
reduction, the value of the last unit of land brought into production 
increases. Nationally, land rents increase 42 percent over the Base 
Alternative and decrease 64 percent compared to the Set-Aside 
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Alternative (Table 17). This increase in land values as compared to 
the Base Alternative reflects a condition of relative land shortage in 
the Fertilizer Reduction Alternative. Land becomes the substitute for 
fertilizer in the Fertilizer Reduction Alternative. As more and more 
land is used as a substitute for fertilizer, the value or rent of all 
land increases, thus the large national increase. Regionally, it is 
interesting that the Corn Belt, while having the smallest increase in 
land use, experiences the largest increase in land rents as compared to 
the Base. Increasing land use by 34 percent in the Lake States has 
less of an impact on land rents than a 4 percent increase in land use 
in the Corn Belt. The Corn Belt has a tighter supply of land as 
compared to the Lake States and a policy restricting the use of a basic 
input such as fertilizer would be expected to increase land rents more 
in the Corn Belt than in other regions. Land rents actually decline in 
the Pacific region as production is shifted from irrigated acreage 
whose high productivity depends in part on the complementarity of water 
and nitrogen to dryland acreage. 
Changes in Soil Loss 
Soil loss increases are generally in the same relative magnitude 
as acreage increases. As farmers plant poorer quality, more erodible 
lands to counter yield decreases, an increase in soil loss results. At 
the national level the increase in soil loss is 22 percent over the 
Base Alternative. At the regional level the Lake States account for 
the largest increase, 67 percent over the Base. 
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Changes in Energy Use 
The second most energy intensive input to agriculture under the 
Base Alternative is nitrogen fertilizer (Table 5). A policy that 
controls production by restricting the use of nitrogen would be 
expected to greatly diminish the amount of energy (electricity and 
natural gas) expended on its production. But the net energy effect on 
agriculture is uncertain since more diesel fuel, pesticides, etc., will 
likely be used because more acres are farmed to offset yield decreases 
caused by the nitrogen restriction. 
What then is the net effect on energy use under the Fertilizer 
Reduction Alternative? Energy used to produce nitrogen declines 61 
percent from the Base Alternative level (Tables 18 and 19). 
Specifically, electricity use drops from 1043.8 million KWH's to 409.8 
million KWH's and natural gas use drops from 390.5 million Hcf1 to 
153.1 million Mcf in the production of nitrogen as compared to the Base 
Alternative (Table 18). However, diesel fuel, agriculture's main 
energy input, increases in use by 16 percent from 3006.2 million 
gallons in the Base Alternative to 3,483.7 million gallons in the 
Fertilizer Reduction Alternative. Pesticide use, a relatively minor 
energy consumer, and nonnitrogen fertilizer 2 also increase. 
Irrigation, the third most energy-intensive input to agriculture, 
decreases 8 percent from the Base Alternative (Table 19). As nitrogen 
use is restricted, the yield advantage an irrigated acre has over an 
unirrigated acre lessens and production shifts to dryland acreage 
1 Mcf is 1,000 cubic-feet. 
2 Phosphate and potassium. 
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(Table 14) 1• Compared to the Land Set-Aside Alternative, energy use 
for nitrogen declines by 62 percent (Tables 11 and 19). Specifically, 
electricity use drops from 1,631.4 million KWH's in the Land Set-Aside 
Alternative to 409.8 million KWH's, and natural gas use decreases from 
402.1 million Hcf to 153.1 million Hcf in nitrogen production (Tables 
13 and 18). Diesel fuel increases in use over the Land Set-Aside 
Alternative by 12 percent and the increase in pesticides over the 
set-aside policy is similar to increase as compared to the Base (Tables 
11 and 19). Irrigation energy use declines as compared to the 
set-aside policy by approximately 6 percent. 
The result of the 61 percent decrease in energy use for nitrogen 
production, the 8 percent decrease in energy use for the obtaining and 
application of water (irrigation) and the increase in energy use of 16 
percent for diesel fuel is a 16 percent overall decrease in energy use 
nationally for the Fertilizer Reduction Alternative as compared to the 
Base Alternative and an 18 percent overall decrease as compared to the 
Land Set-Aside Alternative (Tables 11 and 19). Thus, this supply 
control alternative not only restricts production of agricultural 
commodities, thereby increasing farm commodity prices and incomes to 
the same level of the Land Set Aside Alternative, but it also results 
in the added benefit of a net energy savings by agriculture. 
Examination of regional energy use is beneficial in revealing net 
energy effects in different regions of the country (Table 20). All 
follow the national trend as compared to the Base Alternative and the 
1 See Appendix A for a complete listing of dry and irrigated 
acreages. 
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60 
Land Set-Aside Alternative with the exception of the Lake States. The 34 
percent increase in harvested acres in this region causes a 23 percent inc-
rease in diesel fuel use, resulting in a 2 percent net increase in energy 
use as compared to the Base Alternative. The net energy increase in the 
Lake States as compared to the Land Set-Aside Alternative is 3 percent. 
The Corn Belt experiences the largest drop in energy use because energy 
used for nitrogen production drops to only six percent of the Base and 
Set-Aside Alternatives. This results from the large amount of livestock 
production and nitrogen fixing crop production that occurs in this region. 
Livestock, soybeans, and legume hay are able to provide all the nitrogen 
allowed under the nitrogen restriction in three of _four market regions. In 
these three market regions nitrogen is effectively in "slack". 
The Land Set-Aside Alternative affects all areas of the country 
equally in that land is taken out of production uniformly across all land 
classes in all producing areas. Therefore, it would be expected that 
regional distribution of income is not greatly altered by such a policy. 
On the other hand, the Fertilizer Reduction Alternative affects those areas 
of the country most where fertility is more important. The Fertilizer 
Reduction Alternative isn't an "even-handed" policy as is the Land Set-
Aside in that the irrigated areas of the country (producing areas 48-105) 
lose production to dryland areas because of the complementarity between 
nitrogen fertilizer and water. Thus the irrigated region of the country 
may bear a disproportionately large burden of the cost of a program of this 
sort in the way of diminiqhed income. Therefore, it may be necessary, when 
considering a supply control policy of the fertilizer reduction type, to 
include offsetting income support programs for the irrigated areas. 
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SUMMARY 
Periodically, the United States agricultural sector has had excess 
supplies of production. To stabilize farm prices and income, various 
types of policies have been implemented to trim back this excess 
supply. Most of these policies have centered on some form of reduction 
or set-aside of cropland. 
Recently, energy has loomed as a major problem for the United 
States. Because of its energy intensive methods of operation, the 
agricultural sector has been affected by this "crisis" as much as any 
sector in the economy, perhaps more so because of its brief but 
critical planting and harvesting period energy demands. With higher 
energy prices and less certain energy supplies as a likely fact of life 
in the near future, it may become a national policy to reduce energy-
intensive resource inputs to agriculture as a means of reducing excess 
commodity supplies. That is, attack the problem of excess production 
not by restricting the use of land but by restricting the use of an 
energy-based input such as nitrogen fertilizer. 
The purpose of our study has been to compare the impacts of two 
supply control programs. One program constrains production through 
the traditional approach of a land set-aside while the other is 
attained through use of less fertilizer to reduce production and raise 
prices by the same amount to the farmer. Domestic and export demands 
are at the same level for both programs. We then determine the effects 
that these two programs have on energy use. In particular, do they 
result in a net energy increase or decrease? This information may be 
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of use to policy implementers in the future. We also examined such 
other variables as land rents, soil loss, acres harvested, and yields. 
These also provide pertinent information for policy makers in deciding 
on the type of program to use. However, our main emphasis is on the 
Land Set-Aside Alternative and the Fertilizer Reduction Alternative as 
means of obtaining the same level of crop output and the same level of 
increase in farm prices relative to the Base situation. Obviously, we 
expect the programs, which affect national production and prices by the 
same amount, to have quite different impacts on regional production and 
resource use patterns, as well as on energy use. 
The Hodel 
The policy studies in this report are conducted using an 
interregional linear progra~tuning model of U.S. agriculture. The model 
is defined with a set of regions consistent with land and water 
resources, crop and livestock production possibilities, and the 
interregional interaction of U.S. agriculture. Land resources are 
defined in five land quality classes for each of 105 producing areas 
representing homogenous production conditions. Contiguous producing 
areas are aggregated to form 28 market regions. A transportation 
submodel links all market regions. Crop production activities are 
defined by land quality class for each producing area. Livestock 
production is exogenous to the model with feed demands expressed at the 
market region level. De1aands for all cofiiT'J.odities are defined at the 
market region level according to per capita consumption and population 
projections for 1980. 
63 
The endogenous crop production activities produce barley, corn 
grain and silage, cotton, legume and nonlegume hay, oats, sorghum grain 
and silage, wheat, and soybeans. When the model is solved, the land in 
each producing area is brought into crop production under the criterion 
of minimum cost so that the most productive land is utilized first. 
Thus, the production of crops is allocated to the producing areas to 
minimize the total cost of production and transportation incurred while 
meeting the demands for agricultural products projected for 1980. 
Base Alternative 
Our study analyzes three alternative futures to determine the 
effect supply control legislation might have on U.S. agriculture. The 
alternatives analyzed are: (1) Base Alternative where ongoing trends 
are assumed and no supply control programs are implemented; (2) Land 
Set-Aside Alternative where ongoing trends are similar to the Base 
Alternative but cropland is decreased by ten percent; (3) Fertilizer 
Reduction Alternative where ongoing trends are again similar to the 
Base but the use of nitrogen fertilizer is restricted to a level that 
results in similar levels of production and farm prices as in the Land 
Set-Aside Alternative. 
The Base Alternative results for energy use, land rents, soil 
loss, harvested acreage, yields and production are used as a benchmark 
for which results from the two supply control alternatives are 
compared. The Base solution provides an optimal or efficient 
allocation of production in the United States; a pattern more efficient 
than currently prevails. Also, the Land Set-Aside Alternative and the 
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Fertilizer Reduction Alternative provide an efficient agricultural 
pattern within the restraints on land and fertilizer use. 
In the Base solution, the Corn Belt region produces the greatest 
proportion of feed grainsl and soybeans while the Northern Plains 
harvests the largest proportion of wheat. The energy source most used 
in the Base Alternative is diesel fuel with nitrogen fertilizer second 
and irrigation third. Per acre energy use is highest for irrigation at 
795.6 MCAL. 
Land Set-Aside Alternative 
In this Alternative, total cropland available is decreased by 10 
percent over all producing areas to simulate supply control programs 
used in the past. When this land is taken out of production, 
agriculture is forced to farm less productive acreage (land classes 
III, IV, V) in order to meet food demands. Regionally, feed grains and 
soybeans shift out of the Corn Belt and into the Southeast and Delta, 
indicating a shift in comparative advantage. Some wheat production 
shifts from the Northern Plains to the Lake States and Southern Plains. 
Nationally, acres harvested increase by 2 percent (outside the areas of 
supply control, the "usual slippage" in land supply control programs) 
to offset a decrease in yields caused by production on less fertile 
and, or more erodible lands. 
The 10 percent decrease in acreage available for farming pressures 
land rents upward an average of 121 percent nationally. The combination 
1Barley, corn grain, oats, and sorghum grain 
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of less land available and slightly increased acres harvested pushes 
land rents up most in those areas with the tightest supply of land, or 
in other words the least amount of slack land. This large increase in 
land values is totally a phenomenon of production demand. Investment 
demand is not reflected in the increase. 
Soil loss increases 8 percent nationally as more erodible lands 
are brought into production (in the usual "slippage manner" of land 
control programs) within regions and as production shifts to regions 
characterized by higher rates of erosion such as the Southeast. 
Total energy use for crop production shows both expected and 
unexpected changes. The increase in acres planted predictably 
increases the use of diesel fuel to prepare, plant, and harvest the 
extra acreage and, somewhat, nitrogen to fertilize it. This phase 
causes diesel fuel energy use to increase 4 percent and nitrogen 
fertilizer use to increase 3 percent over the Base. There is an 
unpredicted decrease of 2 percent in energy use for irrigation even 
though irrigated acres harvested increased eight percent over the Base. 
This occurred because irrigated production shifted from the Pacific 
region, with highly energy intensive irrigation, to other regions. 
Total net energy use in the Land Set-Aside Alternative increased 
nationally by 2 percent over the Base as increases in diesel fuel and 
nitrogen offset the decrease in irrigation energy use. Regionally, the 
Northeast, Corn Belt, and Northern Plains have the largest decreases in 
energy use, because of fewer acres harvested. 
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Fertilizer Reduction Alternative 
This Alternative results in a level of production and national 
commodity prices identical to those in the Land Set-Aside. When 
nitrogen application is restricted, yields decrease only for those 
crops which have a Base Alternative level of fertilizer application 
that is above the restricted level in the Fertilizer Reduction 
Alternative. Nationally, acres harvested increase 14 percent as 
compared to the Land Set-Aside. With lower per acre yields, a greater 
acreage is needed to attain the saTie national production levels under 
the two Alternatives. 
Regionally, the Lake States have the greatest relative increase in 
total acres harvested under the Fertilizer Reduction Alternative. In 
comparison, the Southeast has the largest increase under the Land 
Set-Aside. Some production of feedgrains shifts out of the Corn Belt 
and into the Lake States and Southeast while some wheat shifts into the 
Lake States. Soybeans shift into the Southeast and Delta regions. 
Land rents for the Fertilizer Reduction Alternative increase an 
average of 42 percent from the Base Alternative as compared to 121 
percent for the Land Set-Aside. Although total cropland used is 
greater in the Fertilizer Reduction Alternative than in the Land 
Set-Aside Alternative, total land available for crops is also greater 
in the former. Hence, the Fertilizer Reduction Alternative has a 
smaller increase in land rents. 
Soil loss is partly dependent on the number of acres harvested. 
Since more acres are h<; -vested under the Fertilizer Reduction Alterna-
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tive than the Land Set-Aside Alternative, soil loss is also greater 
under the former. The 14 percent increase in soil loss over the Land 
Set-Aside occurs mainly on the marginal lands brought into production 
when the nitrogen restriction is imposed. A tradeoff thus occurs 
between use of less nitrogen and greater soil loss. 
Nitrogen fertilizer is the second most energy intensive input in 
agriculture. Under the Fertilizer Reduction Alternative, the total 
amount of energy used for nitrogen fertilizer decreases to 39 percent 
of the Base Alternative level. This decrease is partially offset by 
increases in energy use for machinery, diesel fuel (the most energy 
intensive input in agriculture), pesticides and nonnitrogen fertilizers 
used on more acres under the Fertilizer Reduction Alternative. The net 
total energy use for the agricultural sector decreases by 16 percent in 
the Fertilizer Reduction Alternative as compared to the Base. The 
Fertilizer Reduction Alternative uses 18 percent less energy than does 
the Land Set-Aside Alternative while bringing about the same level of 
supply control as the Land Set-Aside. 
Total energy use for irrigated acres declines more than for dry 
acres under the Fertilizer Reduction Alternative. This occurs because 
of the complementarity between nitrogen and water. As nitrogen use is 
restricted, irrigated acres lose their yield advantage over dryland 
acres and production shifts from irrigated to dryland acres. The 
Fertilizer Reduction Alternative isn't the "even-handed" policy that 
the Land Set-Aside Alternative is. All areas of the country are 
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affected equally by the land set-aside policy but the fertilizer 
reduction policy affects those areas most where the application of 
fertilizer is more important. Thus, the irrigated areas of the country 
bear a large part of the cost of the fertilizer reduction policy and 
income support programs might be considered if a policy restricting the 
use of nitrogen is imp 1emented. 
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IMPLICATIONS 
This study provides information on the outcome of key variables 
under two different supply control programs: one based on a traditional 
land set-aside prevalent in the 1960s and latter 1970s and the other 
based on fertilizer reduction as a means of diminishing agricultural 
production by the same amount as under the set-aside and therefore 
having a similar effect on farm prices and income. In general, the 
study shows that a land set-aside policy will have a larger increase in 
land rents, less of an increase in soil loss, and greater .energy use 
than the fertilizer reduction policy. 
Thus, the results of this study provide a basis for society to 
determine what level of energy use, soil loss, and land rents are 
desired when implementing a supply control policy. Therefore, society 
does have policy alternatives for achieving a desired level of price 
and income support for the farmer. The eventual policy chosen then, is 
determined by the nature of the goals society selects and how society 
"weights" the gains and sacrifices of each policy. 
The Land Set-Aside Alternative policy as a method of income and 
price support indicates some definite costs and benefits. Land rents 
increase the most, 121 percent over the Base Alternative and 64 percent 
over the Fertilizer Reduction Alternative, under this policy situation. 
This has significant implications for capital gains and the equity 
position of established farmers. These farmers would experience large 
capital gains in the land they already own while beginning and entry-
level farmers might be expected to have their normal problems of 
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acquiring and financing the purchase of acreage aggravated by the higher 
land rents. Previous studies have shown that established farmers 
realized sizeable capital gains from supply control programs based on 
land set-asides [1]. 
Soil loss, like land rents, increases under both policies as more 
acres are harvested and as produ'ction shifts into regions that are more 
susceptible to soil erosion. Soil loss increases least, 8 percent over 
the Base Alternative, under the Set-Aside Alternative. Compared to the 
Fertilizer Reduction Alternative, soil loss under the Set-Aside Alterna-
tive decreased 14 percent. Because less soil erosion occurs under this 
policy, it might be expected that the future productivity of the soil as 
well as the condition of rivers, lakes, and streams would be preferrable 
under a land set-aside. 
Total net energy use by agriculture under the Land Set-Aside 
Alternative for diesel fuel, pesticides, nitrogen and nonnitrogen 
fertilizers, crop drying, and irrigation increases by 2 percent over the 
Base. When compared to the Fertilizer Reduction Alternative, total net 
energy use increases by 18 percent. Energy use has become an important 
consideration in all sectors of our economy. Agriculture is no 
exception. The net effect on energy use of any policy action should be 
carefully considered under today's circumstances of spiraling prices and 
supply cutbacks. Our study shows that a set-aside program increases 
energy use. The implementation of such a policy, which in effect makes 
agriculture and therefore the supply of food and fiber more dependent on 
energy, might contribute further to increased energy prices, increased 
costs of production to the farmer, and increased food prices. 
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The Fertilizer Reduction Alternative policy, as a method of income 
and price support, also has some costs and benefits. For this 
Alternative land rents increase an average of 42 percent as compared to 
the Base Alternative and decline an average of 64 percent as compared 
to the Land Set-Aside Alternative. Obviously, the capital gains for 
the established farmer will not be as substantial as under the Land 
Set-Aside Alternative. Entry-level farmers would be expected to have a 
relatively easier time financing land purchases under the Fertilizer 
Reduction Alternative. 
Soil loss is largest under the fertilizer policy since more acres 
are harvested to offset a decrease in yields from less-than-optimum 
fertilization. Specifically, soil loss increases 22 percent for the 
Fertilizer Reduction Alternative as compared to the Base and 14 percent 
as compared to the Land Set-Aside Alternative. Soil becomes a 
substitute for fertilizer under the Fertilizer Reduction Alternative. 
The maintenance of the productivity and scope of our cropland base will 
be more difficult under a policy centered around fertilizer reduction 
rather than a land set-aside. 
Total net energy use under the Fertilizer Reduction Alternative 
declines by 16 percent as compared to the Base Alternative and 18 
percent as compared to the Land Set-Aside Alternative. Under a supply 
control policy of fertilizer reduction, agriculture is able to meet all 
of its demands for food and fiber and use 16 percent less energy than 
under the Base Alternative and 18 percent less than under the Land Set-
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Aside Alternative. Thus, agriculture becomes less dependent on 
energy. 
One further implication under the fertilizer policy concerns the 
impact of a reduction in fertilizer application on irrigated 
agricultural production. Nitrogen fertilizer and water combine in a 
complementary fashion, resulting in a yield advantage for irrigated 
crops. When use of the fertilizer input is restricted, as is the case 
under the Fertilizer Reduction Alternative, part of the yield advantage 
enjoyed by irrigated crops disappears. Therefore, under the fertilizer 
reduction policy production shifts from irrigated acreage to dryland 
acreage and total irrigated acreage declines. A policy restricting 
fertilizer may impact more heavily on irrigated regions than on non-
irrigated regions. 
When supply control programs are considered in the future, policy 
implementers may want to take into account the effect a potential 
policy might have on energy use as well as on other more traditional 
indicator variables such as land rents and soil loss. The results of 
our study give clear and important indications as to the potential 
impact on energy and these other variables. 
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